Objective Tooth wear is recognised as a common feature of European dentitions. However, little is known about its progression in susceptible patients. The aim of this study was to assess the degree and progression of tooth wear in patients by examining study casts taken of their teeth on two separate occasions. Design Over 500 sets of study casts taken during an 18-year period from patients referred for a variety of restorative procedures, were examined at Guy's Dental Hospital. Of these, 34 cases were found to have consecutive models taken at two time intervals and these were used to assess the progression of tooth wear. Study models from 19 females and 16 males, with an average age of 26 years (range 18-60) at the time of their first presentation and were all examined by a single operator. The Smith and Knight tooth wear index was used to assess the degree of tooth wear at presentation and then at another time which was a median of 26 months (interquartile range 14 -50 months) later. Results The most common initial TWI score per surface was 1, with 54% of surfaces affected at the first assessment and 57% at the second. Score 2 was less common (14% at both assessments) and the scores for 3 and 4 combined were relatively uncommon with 5% of surfaces effected. Minimal progression of tooth wear was observed on study casts with only 7.3% of surfaces involved. Conclusion In this sample, tooth wear was a slow, minimally progressive process.
teeth. [4] [5] [6] However, their use remains within the confines of clinical research. Therefore comparing changes on study models of patients with worn teeth remains the most convenient clinical method to measure tooth wear. If the activity is recognisable from obvious changes on sequential study casts then there is justification to treat the wear with conventional restorative techniques. On the other hand if the patient's main concern is preservation of tooth tissue, reviewing the wear would be a more effective management.
Knight et al 7 reported longitudinal measurement of wear from observations of orthodontic stone casts of patients over an average of 20 years. The authors measured occlusal/incisal wear in the pre-treatment and post orthodontic treatment records of 223 patients treated and they reported that wear could be predicted from the appearance of the study casts taken when they were in the mixed dentition stage. Pintado et al 8 measured wear over two years on 18 adults and also reported that attrition had progressed. Yet there remains scarce information on whether tooth wear is a constantly deteriorating phenomena. The aim of this study was to assess the degree and change of tooth wear in patients over time by examining study casts taken of their teeth.
MATERIALS AND METHODS
The data for this study were derived from an extensive collection of study casts taken by dentists working at Guy's Hospital. Over 500 sets of study casts taken over an 18-year period from patients for a variety of restorative procedures, were examined at Guy's Dental Hospital by the author. Of these, there were 34 cases of tooth wear which also had consecutive models taken at two time intervals. The sample consisted of study models taken from 19 females and 16 males, with an average age of 26 years (range 18-60) at the time of their first presentation and were all examined by a single operator. A review of the notes for these subjects helped to diagnose the cause of the tooth wear.
The Smith and Knight tooth wear index 9 was used to assess the degree of tooth wear at first presentation and then at another time which was a median of 26 months (interquartile range 14-50 months) later. Wear was recorded on each surface of the study cast and then the process repeated for the set taken at the different time interval. The scoring system uses five levels of severity from 0, no wear, to 4 indicating severe wear exposing secondary dentine and the pulp (Table 1 ). In addition, the tooth surfaces on each
• Tooth wear was a slow process in this group of patients.
• Study casts are a convenient way to monitor the longitudinal progress of tooth wear.
• Restorations are not always indicated to control tooth wear, monitoring is equally important.
• If preventing further tooth wear is more important to the patient than their appearance, monitoring is an acceptable treatment since progression is often slow.
• Treatment for tooth wear can be aggressive implementation of prevention and monitoring with study casts.
• Tooth wear in this group of patients was monitored with study casts and the progression assessed by comparing changes on the models.
I N B R I E F
set of models were directly compared to assess whether wear had progressed. If wear had progressed it was recorded as a positive response, no obvious wear was recorded as no change. Tooth surfaces missing or extracted between the two observations or were difficult to read were eliminated from the study.
STATISTICAL ANALYSIS
The degree of tooth wear was analysed for the total number of surfaces and separately for the occlusal surfaces of the posterior teeth and the upper anterior region. The percentage of tooth surfaces with wear showed a skewed distribution and medians and interquartile ranges were calculated in addition to means and standard deviations. Wilcoxon matched-pairs signed-ranks test was used to compare the percentage of surfaces with tooth wear on study models taken on separate occasions. A separate analysis, for the percentage of surfaces exhibiting progression of tooth wear, was performed by directly comparing individual tooth surfaces on the two study models and calculating confidence intervals. Reproducibility of the tooth wear index was assessed by repeating the scoring on two separate occasions and produced a Kappa value of 0.89.
RESULTS
The results are listed in Table 2 . A total of 17,984 sites were assessed on the 68 study casts. The most common cause of tooth wear was multi-factorial but for five patients the underlying cause was not reported. The most common initial TWI score for the total number of surfaces was grade 1 with a median of 54% of surfaces affected at the first assessment and 57% at the second. Score 2 was less common (median of 14% at both assessments) and the scores for 3 and 4 combined were relatively uncommon (with a median of 5%). Most of the wear observed was recorded on the anterior teeth reaching a median of 50% at the level of grade 1, 20% grade 2 and 8% for grade 3. Grade 1 also was the most common level to be observed on the posterior occlusal surfaces with a median of 31%, 13% for grade 2 and 0% for grades 3 and 4.
A similar pattern was observed on the second set of models with minimal changes in the intervening period. However, there was a small but statistically significant increase in the number of restored surfaces between occasions for the total number of tooth surfaces (p = 0.023), and separately on the anterior surfaces at grade 1 (p= 0.031) and the posterior occlusal surfaces at grade 2 (p = 0.05).
There was an increase in median grade 2 tooth wear between occasions on the posterior occlusal surfaces and an increase in median grade 1 tooth wear on the anterior teeth. A minor change in grade 3/4 on anterior teeth approached statistical significance.
A separate analysis for the progression of tooth wear by comparing individual tooth surfaces indicated that there was a mean increase of 7.3% of surfaces (95% confidence interval 3.9-10.6), the anterior teeth was a mean of 5% (2.6-7.4) and the posterior occlusal surfaces was a mean of 1.6% (0.5-2.6).
DISCUSSION
Study casts remain the most convenient method to assess progression of tooth wear over long periods of time. The sample selected for this study represents a group of patients with known pathological tooth wear. 10 It might therefore be anticipated that the tooth wear in these patients would have progressed, but this was not in fact observed. The clinicians involved in the study followed well defined criteria. If patients are not concerned about the appearance of their worn teeth and do not have intractable sensitivity, the tooth wear is reviewed before restorations are considered to establish the rate of tooth tissue loss.
Unfortunately it was not possible to determine the aetiology of the wear for each patient. However, in most cases a review of the notes showed most of the patients to have a wear multi-factorial cause of tooth wear. 9 In all cases preventive advice and dietary advice was given and the advice was consistent with the advice available at the time of the review period.
One explanation for the apparent lack of progression of the tooth wear is that the condition is phasic or periodic. There is some evidence to support this from the study undertaken on reviewing tooth wear taken for orthodontic reasons suggesting suspectibility to tooth wear. 7 Tooth wear indices remain the only reliable method of assessing wear over long periods of time and have proved to be effective in measuring the prevalence of wear in populations. [1] [2] [3] 11 The Smith and Knight index, 9 although used widely, does not discriminate wear particularly well once dentine is exposed. The grading of 2 and 3 (less than one third of dentine exposed and greater than one third) represents a wide variation in the severity of tooth wear but despite this it remains reasonably reproducible. This sensitivity is scarified for reproducibility. To overcome this deficiency both sets of models were compared to establish whether the wear had progressed over time. The assessment acted as a check on the index but also allowed some degree of change to be assessed between the grading levels for Smith and Knight. However, this confirmed the finding that little wear had occurred. 
